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the dominate factor for decoupling Chongqing's environmental pressure from economic growth, 28
as it contributed 131.4%, 134.6%, 99.9%, 97.7%, 104.5% and 54.9% to the decoupling of total 29 energy consumption, emissions of CO2, SO2, soot, waste water and solid waste, respectively; 30 while economic structural change had very tiny effect to the decoupling of emissions of soot and 31 SO2, and it even had negative effect to that of total energy consumption, and emissions of CO2 32 and waste water. Based on the above observations, we explain the difference in decoupling levels 33 for different environmental pressures and suggest approaches for policy-makers on further 34 promoting decoupling environmental pressure from economic growth. can only be explained through the SDA approach with some time intervals. The IDA approach can 160 overcome this problem by using only sector level data, which is available on an annual basis. 161
Therefore, to develop a more detailed and temporally relevant understanding of the driving 162 forces of environmental pressure indicator we use the IDA approach in this study. 163
By using the IDA approach, the overall environmental pressure intensity of a regional EPI 164 (EPI=M/Y) can be disaggregated into economic sectors as: 165
where Mi and Yi are respectively the environmental pressure and value added in sector i. And n is 166 the total number of economic sectors. Therefore, Ti (Ti=Mi/Yi) and Si (Si=Yi/Y) are the 167 environmental pressure intensity and value added share in sector i, which respectively indicate 168 technology and economic structure. 169
Using the method of logarithmic mean divisia index (LMDI) (Liu and Ang, 2007 ) the change of 170 EPI can be decomposed as: 171
EPI EPI EPI EPI EPI EPI w T T EPI w S S w T S T S T S T S (3)
where ΔEPI, ΔTEPI, ΔSEPI are the change of EPI, the change of EPI caused by T and S, 172 respectively. And wi is the weight co-efficient. 173
According to eqs. 1-3, the decoupling index can be rewritten as: 174
where DIT (DIT=-ΔTEPI/EPI 0 ) and DIS (DIS=-ΔSEPI/EPI 0 ) denotes DI induced by T and S, 175 respectively. Details for the proof of this equation is provided in supplementary material. 176
Therefore, the contribution of T and S to the decoupling index, i.e., CT (technology effect) and CS 177 (economic structure effect), can be calculated by: 178
From the above, one can explain the decoupling of environmental pressure from economic 179 growth by its driving force, i.e., effects of technology and economic structure. 180
Data preparation 181
The environmental pressure indicators selected for this study were based on three criteria. The data for the value added were collected from the Chongqing Statistical Yearbooks. In 208 order to remove the effect of inflation, we converted all current prices into 2010 constant prices 209 using the double deflation method (Xu, 2004 
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The decoupling levels relative to the 10 th and 11 th Five-year plans, as seen in Table 2,  284 indicates that all six environmental pressures have higher decoupling levels in the second period. 285
Moreover, three environmental pressures reveal significant improvements in their level of 286 decoupling. Specifically, energy consumption improved from a position of coupling (DI=-0.111) to 287 relative decoupling (DI=0.195), while SO2 and waste water discharge improved from a position of 288 relative decoupling to absolute decoupling. Emissions of soot continued at a position of absolute 289 decoupling in both periods, however its decoupling level slightly improved in the second period. 290
Solid waste discharge was at a position of relative decoupling in both periods, however, its 291 decoupling level also slightly improved in the second period. Similarly, the decoupling level of CO2 292 emissions significantly improved from a weak position of relative decoupling, DI value of 0.07, in 293 the first period to a stronger position of relative decoupling, DI value of 0.152, in the second 294 period. 295
In terms of the uncertainties, as shown in table 3, the difference between the CO2 emissions 296 can be up to -18% by using different coefficients. However, the difference between the 297 decoupling index for CO2 emissions is relatively small (not exceeding 10% The driving force, i.e., technology effect (CT) and economic structural effect (CS), of the 330 decoupling of environmental pressure from economic growth in Chongqing during the period of 331 1999-2010 can be explained using eqs. 3-5. 332
As shown in Table 4 , during the period 1999-2010, technological change is the dominate 333 force contributing to the decoupling of all environmental pressures except solid waste discharge. 334
Economic structural change however has had a very small positive effect and even negative effect 335 to decoupling. Specifically, economic structural change had a negative effect on the decoupling of 336 energy consumption, emissions of CO2, and waste water respectively by -30.9%, -34.5% and 337 -4.5%. As for the decoupling of emissions of SO2 and soot, economic structural change had a 338 small effect contributing respectively to 0.1% and 2.3% to their decoupling from economic 339 growth. For solid waste, economic structure change contributed 45.1% to its decoupling, which is 340 almost equal to the effect of technology change. 341 Table 4 , reveals interesting insights. First, our 344 analysis reveals that similar to the total period of 1999-2010, technological change is the 345 dominant force contributing to the decoupling of almost all environmental pressures in both the 346 10 th and 11 th five-year economic plans. The only exception is for the decoupling of energy 347 consumption during the period of 2000-2005. In that period, both technological change and 348 economic structural change negatively affected energy consumption, respectively by 42.2% and 349 57.5%, and resulted in the coupling of this environmental pressure with economic growth (see 350 In comparison to technological change, economic structure change played a relatively small 446 role for decoupling during the 2000-2010 period. In general, the promotion of decoupling 447 through the shifting economic structure is not straightforward and may lead to both positive and 448 negative contributions to environmental pressures. As shown in Table 4 , economic structure 449 change negatively affected the decoupling of energy consumption and emissions of CO 2 and soot, 450 while positively affecting the decoupling of emissions of SO2, waste water, and solid waste during 451 the period 2000-2005. After implementing activities of industrial structure adjustment, economic 452 structure finally moved into the direction of decoupling almost all the six environmental 453 pressures. However, its contribution for decoupling of waste water discharge turned from a 454 positive value to a negative value during this period. This implies that promoting the decoupling 455 of a particular environmental pressure through economic structure change may have benefits or 456 trade-offs with other environmental pressures (Liang et al, 2013a) . Therefore, policy-makers 457 should take caution in shifting or changing economic structure and consider the complex effects 458 of decoupling environmental pressures through such policies. Specifically, we suggest 459 policy-makers to conduct integrated policy modelling (Liang et al., 2013a) to elaborate the best 460 set of schemes for the decoupling of a wide range environmental pressure indicators. In this 461 avenue, we suggest the use and advancement of integrated policy modelling tools, e.g. the 462 MARKAL model (Fishbone and Abilock, 1981 ) and the GAINS model (Tohka, 2005 their economic structures to pursue green economy agendas. However, they should be aware 472 that these changes to economic structures will have both negative and positive effects for the 473 decoupling of different environmental pressure. To avoid negative effects, policy-makers should 474 take into consideration the potential effects of economic structure change to decoupling through 475 the use of integrated policy modelling. 476 We suggest the following two avenues for future research in this area. First, the issue of 477
